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Description 

[0001] The present invention relates to a copolymer suitable for a stretch film and a wrap film in particular, a process 
for producing said copolymer, and a molded article of said copolymer. 

5 [0002] In general, elastic recoverability, transparency and mechanical strength found in a polyvinyl chloride are 
required for a copolymer to be used as a stretch film, a shrink film or a wrap film. However, the polyvinyl chloride comes 
in question concerning environmental pollution because of the possibility of generation of harmful substances in incin- 
eration. Various kind of polymers are presently considered as a replacement for the polyvinyl chloride, but it is a status 
quo that none of them is satisfactory from the viewpoints of viscoelastic properties and transparency has been 

w obtained. 

[0003] Since copolymerization of an a-olef in represented by propylene with an alkenyl aromatic hydrocarbon repre- 
sented by styrene was carried out using a Solvay type titanium trichloride catalyst, studies using various solid catalysts 
have been carried out. For example, polymerization processes which use a solid catalyst using titanium tetrachloride 
and an electron donor are disclosed in JP-A-60-2601 1 and 4-318006. However, in both of those processes, the polym- 
15 erization activity is low and a homopolymer is formed as a by-product. Further, the obtained copolymer has a low 
amount of copolymerized styrene and possesses some crystal linity, and is not adequate from the viewpoints of elastic 
recoverability, flexibility and transparency. 

[0004] J R-A-8-2691 34 discloses a process for producing a copolymer of propylene with styrene which has syndiotac- 
tic propylene sequences using a so-called homogeneous Ziegler-Natta catalyst which uses a specific transition metal 
20 compound and an organoaluminum compound. However, the copolymer obtained by the process, has also a low sty- 
rene content and a crystallinity, and is insufficient from the viewpoints of elastic recoverability, flexibility and transpar- 
ency 

[0005] An object of the present invention is to provide a novel copolymer of an a-olefin with an alkenyl aromatic hydro- 
carbon having a transparency and excellent elastic recoverability and flexibility, and not containing a halogen which may 
25 be pointed out as a cause for environmental pollution. 

[0006] Another object of the present invention is to provide a process for producing said copolymer at high polymer- 
ization activity, and a molded article of said copolymer which is excellent in mechanical strength, flexibility and anti- 
scratch property, and further has a transparency and good elastic recoverability. 

[0007] The above-mentioned objects would be achieved by a copolymer of an a-olefin with an alkenyl aromatic hydro- 
carbon which is based on a production process using a transition metal compound represented by a metallocene as a 
catalyst component. 

[0008] The present invention relates to a copolymer of an a -olefin with an alkenyl aromatic hydrocarbon wherein the 
copolymer has a structure in which tertiary carbon atoms are mutually separated by two successive methylene groups 
in the backbone of the copolymer; a process for producing said copolymer which comprises copolymerizing an a-olefin 
with an alkenyl aromatic hydrocarbon in the presence of a catalyst using (A) and [(B) and/or (C)] described below and 
a molded article of said copolymer. 

(A): a transition metal complex represented by the following general formula [I]: 

R \,/ c < ^x 1 
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(wherein M represents a transition metal atom of the Group IV of the Periodic Table of the Elements; A represents 
an atom of the Group XVI of the Periodic Table of the Elements; J represents an atom of the Group XIV of the Peri- 
odic Table of the Elements; Cp 1 represents a group having a cyclopentadiene type anion skeleton; X 1 , X 2 , R 1 , R 2 , 
R , R . R and R 6 independently represent a hydrogen atom, a halogen atom, an alkyjjjroup^ an aralkyl group, an 
aryi group, a substituted silyl group, an alkoxy group, an aralkyloxy group, an aryloxy group or a di-substituted 
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amino group; and R 1 , R 2 R 3 , R 4 , R 5 and R 6 may be optionally combined with each other to form a ring); 

(B): one or more aluminum compounds selected from the following (B1) to (B3); 

(B1) an organoaluminum compound represented by the general formula E 1 a AIZ 3 . a , 

(B2) a cyclic aluminoxane having a structure represented by the general formula {-AI(E 2 )-0-} b , and 
s (B3) a linear aluminoxane having a structure represented by the general formula E 3 {-AI(E 3 )-0-} c AIE 3 2 

(wherein E 1 , E 2 and E 3 respectively represent a hydrocarbon group, all of E 1 , all of E 2 and all of E 3 may be the 

same or different; 2 represents a hydrogen atom or a halogen atom, and all of Z may be the same or different; a 

represents a number satisfying the expression 0 < a ^ 3; b represents an integer of 2 or more and c represents an 

integer of 1 or more); and 
10 (C): a boron compound of any one of the following (C1) to (C3); 

(C1) a boron compound represented by the general formula BQ 1 Q 2 Q 3 , 

(C2) a boron compound represented by the general formula G + (BQ 1 Q 2 Q 3 Q 4 )', and 

(C3) a boron compound represented by the general formula (L-H) + (BQ 1 Q 2 Q 3 Q 4 )- 

(wherein B represents a boron atom in the trivalent valence state; Q 1 to Q 4 may be the same or different and 
respectively represent a halogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a substituted silyl 
group, an alkoxy group or a di-substituted amino group; G + represents an inorganic or organic cation; L represents 
a neutral Lewis base; and (L-H) + represents a Bransted acid). 

Fig. 1 is a flow chart drawing for help of the understanding of the present invention. The present flow chart drawing 
20 is a typical example of the mode of operation of the present invention, and the present invention is not restricted 
thereto. 

Fig. 2 is a 13 C-NMR spectrum of the copolymer obtained in Example 1 . 
Fig. 3 is a data of the solid viscoelasticity of the copolymer obtained in Example 1 . 
Fig. 4 is a hysteresis curve of the copolymer obtained in Example 1 . 
25 Fig. 5 is a hysteresis curve of the copolymer obtained in Example 2. 

[0009] The present invention is illustrated in detail below. 

[0010] The copolymer of the present invention is a copolymer of an a-olefin with an alkenyl aromatic hydrocarbon 
wherein the copolymer has a structure in which tertiary carbon atoms are mutually separated by two successive meth- 

30 ylene groups (in other words, an ethylene group)in the backbone of the copolymer. 

[0011] As the a-olefin in the present invention, a-olefins having 3 to 20 carbon atoms are preferable, and specific 
examples of the a-olefin include linear olefins such as propylene, 1 -butene, 1 -pentene, 1 -hexene, 1 -heptene, 1 -octene, 
1-nonene and 1-decene, branched olefins such as 3-methyM -butene, 3-methyl-1 -pentene, 4-methyl-1 -pentene and 5- 
methyl-1 -hexene, and vinylcyclohe xane. 

35 [001 2] More preferablTa-olef in is propylene, 1 -butene, 1 -pentene, 1 -hexene, 1 -heptene, 1 -octene, 4-methyl-1 -pen- 
tene, or vinylcyclohexane, and in particular, propylene is preferable. 

[001 3] As an alkenyl aromatic hydrocarbon in the present invention, alkenyl compounds having an aromatic hydrocar- 
bon group having 6 to 25 carbon atoms is preferable. Specific examples of the aromatic hydrocarbon group having 6 to 
25 carbon atoms include a phenyl group, tolyl group, xylyl group, tert-butylphenyl group, vinylphenyl group, naphthyl 
group, phenanthryl group and anthrathenyl group. A phenyl group, tolyl group, xylyl group, tert-butylphenyl group vinyl- 
phenyl group or naphthyl group is preferable. 

[001 4] Specific examples of such an alkenyl aromatic hydrocarbon include alkylstyrenes such as p-methylstyrene m- 
methylstyrene, o-methylstyrene, p-ethylstyrene, m-ethylstyrene, o-ethylstyrene, 2,4^imethylstyrene, 2,5-dimethyl'sty- 
rene, 3,4-dimethylstyrene, 3,5<Jimethylstyrene, 3-methyl-5-ethylstyrene, p-tert-butylstyrene and p-sec butylstyrene- 
alkenylbenzenes such as styrene, 2-phenylpropylene and 2-phenylbutene; bis(alkenyl)benzenes such as divinylben- 
zene; and vinylnaphthalenes such as 1-vinylnaphthalene. 

[001 5] As the alkenyl aromatic hydrocarbon used in the present invention, styrene, p-methylstyrene, m-methylstyrene 
o-methylstyrene, p-tert-butylstyrene, 2-phenylpropylene, divinylbenzene or 1-vinylnaphthalene is preferable and sty- 
rene is preferable in particular. 
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[0016] The copolymer of the present invention is a copolymer of an a-olefin with an alkenyl aromatic hydrocarbon 
and its copolymerization composition is preferably 0.1 to 55% by mole as a content of the alkenyl aromatic hydrocarbon 
unitjiioj ^^ 6 to 30%bv m ole. The_iemainde r is the a-olefin unit. When 

the copolymerization composition is within the range, the copolyme^^ The 
copolymerization composition is easily determined by a 13 C-NMR spectrum using o-dichlorobenzene as a solvent. 
[001 7] The copolymer of the present invention has a structure in which tertiary carbon atoms are mutually separated 
by two successive methylene groups(herein-after, referred to simply as "two methylene groups") in the backbone. When 
the a-olefin or alkenyl aromatic hydrocarbon unit is bonded to an inverse direction in the molecular chains of the copol- 
ymer, namely, when the insertion form of the a-olefin or alkenyl aromatic hydrocarbon takes 2, 1 -insertion successively 
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after 1,2-insertion, tertiary carbon atoms are mutually separated by two methylene groups. The structure of such a 
copolymer is easily determined by a 13 C-NMR spectrum using o-dichlorobenzene as a solvent, and when tertiary car- 
bon atoms are mutually separated by two methylene groups, signals corresponding to the methylene groups (S a p) are 
observed as a plural number of peaks at 30 to 38ppm. 

s [0018] The copolymer having positions in which tertiary carbon atoms are mutually separated by two methylene 
groups in the backbone has a mitigated rigidity of the main chain and is excellent in elastic recoverability and flexibility 
[001 9] The copolymer in the present invention may have a structure in which tertiary carbon atoms are mutually sep- 
arated by one methylene group in the backbone and a structure in which tertiary carbon atoms are mutually separated 
by three or more methylene groups in the backbone. 

10 [0020] For example, when a so-called head-to-tail bond by which two of the a-olef in or alkenyl aromatic hydrocarbon 
unit are sequentially bonded in a same direction occurres, tertiary carbon atoms are mutually separated by one meth- 
ylene group (S a a). 

[0021 ] In the copolymer of the present invention, the molecular weight distribution (Mw/Mn) represented by a ratio of 
weight average molecular weight (Mw) to number average molecular weight (Mn) is preferably 1 .5 to 4.0 from the view- 

15 points of mechanical strength and transparency. 

[0022] The copolymer of the present invention is preferably an amorphous copolymer substantially having no crystal- 
hnity, from the viewpoint of transparency. It can be confirmed by no substantial indication of a melting point in a DSC 

melting curve that the copolymer h as substantially no crystallinity. " ^ ~~ " 

[0023] The copolymer of the present invention is preferably a copolymer substantially having no stereoregularity of 

20 the conformation of a-olef ins and alkenyl aromatic hydrocarbons in the skeleton of the copolymer from the viewpoints 
of transparency, flexibility and elastic recoverability. It can be confirmed by observation of a multiplet of the methylene 
groups such as S a p in the signal of 13 C-NMR spectrum that the copolymer has substantially no stereoregularity of the 
conformation. 

[0024] Such copolymer of the present invention can be produced at high polymerization activity, for example by copo- 
25 lymenzing the a-olefin with the alkenyl aromatic hydrocarbon in the presence of a catalyst comprisinq (A) and KB) 
and/or (C)] described above. u j 

[0025] There is explained a process for producing the above-described copolymer below. 

(A) Transition metal complex 

[0026] In the general formula [I], the transition metal atom represented by M 1 means a transition metal element of 
Group IV of the Periodic Table of the Elements (IUPAC Inorganic Chemistry Nomenclature, Revised Edition 1989) and 
examples thereof include a titanium atom, zirconium atom and hafnium atom. Among them, titanium atom or zirconium 
atom is preferred. 

[0027] Examples of an atom of the XVI Group indicated as A in the general formula [^include an oxygen atom sulfur 
atom and selenium atom. Among them, oxygen atom is preferred. 

[0028] Examples of an atom of the XIV Group indicated as J in the general formula [Q.include a carbon atom silicon 
?n^i and germamum atom * a csuton atom and silicon atom are preferred, and a carbon atom is particularly preferred 
[0029] The group having a cyclopentadiene anion skeleton, as for the substituent Cp 1 , includes an Ti 5 -(substi- 
tuted)cyclopentadienyl group, ii 5 -(substituted)indenyl group and n 5 -(substituted)fluorenyl group 
[0030] specific examples thereof include an n s - cyclopentadienyi group, Ti 5 -methylcyclopentadienyl group ri 5 -dimeth- 
ylcyclopentadienyl I group, r^-trimethylcyclopentadienyl group, ^-tetramethylcyclopentadienyl group, ii 5 -ethylcyclopen- 
tadienyl group, n -n-propylcyclopentadienyl group, n 5 -isopropylcyclopentadienyl group, T^-n-butylcyclopentadienyl 
group, T| -sec-butylcyclopentadienyl group, n 5 -tert-butylcyclopentadienyl group, ^-n-pentylcyclopentadienyl group n 5 - 
45 neopentylcyclopentadienyl group, n 5 -n-hexylcyclopentadienyl group, i^-n-octylcyclopentadienyl group, ^-phenylcy- 
copentadienyl group, n 5 -naphthylcyclopentadienyl group, ri 5 -trimethylsilylcyclopentadienyl group, ^-triethylsilylcy- 
clopentadienyl group, ^S-tert-butyldimethylsilylcyclopentadienyl group, n 5 -indenyl group, ^-methylindenyl group 
d.methylindenyl group, n 5 -ethylindenyl group, r^-n-propylindenyl group, ri 5 -isopropylindenyl group, r^-n-butylindenyl 
group, t! -sec-butylindenyl group, n 5 -tert-butylindenyl group, ^-n-pentylindenyl group, ri 5 -neopentylindenyl group ti 5 - 
50 n-hexyl.ndenyl group, n 5 -n-octylindenyl group, ri 5 -n-decylindenyl group, ii 5 -phenylindenyl group, ^-methylphenylinde- 
nyl group, ^ -naphthylmdenyl group, i^-trimethylsilylindenyl group, t^-triethylsilylindenyl group, ii 5 -tert-butyldimethylsi- 
lyl.ndenyl group, n -tetrahydroindenyl group, i^-fluorenyl group, n 5 -methyrfluorenyl group, T^-dimethyrfluorenyl group 
t! -ethylfluorenyl group, ^-diethylfluorenyl group, ^-n-propylfluorenyl group, n 5 -di-n-propylfluorenyl group ^-isopro- 
pylfluorenyl group r, -d.isopropylfluorenyl group, ri 5 -n-butylfluorenyl group. ii 5 -sec-butyffluorenyl group i^-tert-butylflu- 
55 orenyl group, n <Ji-n-butylflhuorenyl group, ri 5 -di-sec-butylfluorenyl group, ii 5 -di-tert-butytfluorenyl group r, 5 -n- 
pentyffluorenyl group, n 5 -neopentylf!uorenyl group, i^-n-hexylfluorenyl group, ^-n-octylfluorenyl group r^-n-decylflu- 
orenyl group, n -n<Jodecylfluorenyl group, i^-phenylfluorenyl group, t^-diphenylfluorenyl group, n 5 -methylphenylflu- 
orenyl group, n -naphthyrfluorenyl group, r^-trimethylsilyffluorenyl group, n 5 -bis-trimethylsilylfluorenyl group t, 5 - 



30 



35 



40 



4 



EP 0 970 976 A1 



w 



15 



triethylsilylf luorenyl group and T^-tert-butyldimethylsilylf luorenyl group. 

Among them, an T, 5 -cyclopentadienyl group, T, 5 -methylcyclopentadienyl group, Ti 5 -tert-butylcyclopentadienyl group n 5 - 
tetramethylcyclopentadienyl group. if-indenyl group and T| 5 -f luorenyl group are particularly preferred. 
[0031] Examples of the halogen atom in the substituent X 1 , X 2 R 1 , R 2 . r3. r*. r5 or R 6 indude a f |uorine atom ch|Q . 
nne atom, bromine atom and iodine atom, preferably a chlorine atom or bromine atom, more preferably a chlorine atom 
[0032] As the alkyl group in the substituent X 1 , X 2 . R 1 , R 2 , R 3 , R 4 , R 5 or R 6 , an alkyl group having 1 to 20 carbon 
atoms is preferred. Examples thereof include a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl 
group, sec-butyl group, tert-butyl group, n-pentyl group, neopentyl group, sec-amyl group. 

n-hexyl group, n-octyl group, n-decyl group, n-dodecyl group, n-pentadecyl group and n-eicosyl group, more pref- 
erably a methyl group, ethyl group, isopropyl group, tert-butyl group or sec-amyl group. 

[0033] All of these alkyl groups may be substituted with a halogen atom (fluorine atom, chlorine atom bromine atom 
or iodine atom). Examples of the alkyl group having 1 to 20 carbon atoms, which is substituted with the halogen atom 
include a fluoromethyl group, difluoromethyl group, trifluoromethyl group, chloromethyl group, dichloromethyl group' 
tnchloromethyl group, bromomethyl group, dibromomethyl group, tribromomethyl group, iodomethyl group diiodomethyi 
group, triiodomethyl group, fluoroethyl group, difluoroethyl group, trifluoroethyl group, tetrafluoroethyl group pentafluor- 
oethyt group, chloroethyl group, dichloroethyl group, trichloroethyl group, tetrachloroethyl group, pentachloroethyl group 
bromoethyl group, dibromoethyl group, tribromoethyl group, tetrabromoethyl group, pentabromoethyl group perfluoro- 
propyl group, perf luorobutyl group, pert luoropentyl group, perf luorohexyl group, perfluorooctyl group, pert luorododecyl 
group, perfluoropentadecyl group, perf luoroeicosyl group, perchloropropyl group, perchlorobutyl group perchloropentyl 
group, perchlorohexyl group, perch lorooctyl group, perchlorododecyl group, perchloropentadecyl group, perchloroeico- 
syl group, perbromopropyl group, perbromobutyl group, perbromopentyl group, perbromohexyl group, perbromooctyl 
group, perbromododecyl group, perbromopentadecyl group and perbromoeicosyl group 

[0034] All of these alkyl groups maybe partially substituted with an alkoxy group such as a methoxy group and ethoxy 
group, an aryloxy group such as a phenoxy group, or an aralkyloxy group such as a benzyloxy group 
[0035] As the aralkyl group in the substituent X 1 . X 2 . R 1 , R 2 . R 3 . R 4 , R* or R 6 , an aralkyl group having 7 to 20 carbon 
atoms is preferred. Examples thereof include a benzyl group, (2-methylphenyl )methyl group, (3-methylphenyl Jmethyl 
group (4-methylphenyl)methyl group, (2.3-dimethylphenyl)methyl group, (2,4-dimethylphenyl)methyl group (2 5- 
d,methylphenyl)methyl group, (2,6-dimethylphenyl)rnetliyl group. (3,4-dimethylphenyl)methyl group. (3,5-dimethylphe- 
nyl)methyl group, (4.6-dimethylphenyl)methyl group, (2.3,4-timethylphenyl)methyl group, (2,3,5-timethylphenyl)methyl 
Poo^'Jf'?' t " T l ethylphenyl)methyl 9r0Up ' ( 3 . 4 . 5 - tim etfiylphenyl)methyl group, (2.4,6-timethylphenyl)methyl group 
(2.3,4,5-tetramethylphenyl)methyl group, (2.3,4.6-tetramethylphenyl)methyl group. (2,3,5.6-tetramethylphenyl)methyi 
group, (pentamethylphenyl)methyl group, (ethylphenyl)methyl group, (n-propylphenyl)methyl group, (isopropylphe- 
nyl)methyl group, (n-butylphenyl)methyl group, (sec-butylphenyl)methyl group, (tert-butylphenyl)methyl group (n- 
pentylphenyl)methyl group, (neopentylphenyl)methyl group, (n-hexylphenyl)methyl group, (n-octylphenyl)methyl group 
(n^ecylphenyl)methyl group, (n^odecylphenyl)methyl group, (n-tetradecylphenyl)methyl group, naphthylmethyl group 
and anthracenylmethyl group, more preferably a benzyl group. • 

[0036] All of these aralkyl groups may be partially substituted with a halogen atom (fluorine atom, chlorine atom bro- 
mine atom or iodine atom), an alkoxy group such as methoxy group, ethoxy group, an aryloxy group such as a phenoxy 
group, or an aralkyloxy group such as a benzyloxy group. 

[0037] As the aryl group in the substituent X 1 ,X 2 . R 1 , R 2 , R 3 , R 4 , R 5 or R 6 , an aryl group having 6 to 20 caibon atoms 
is preferred. Examples thereof include a phenyl group. 2-tolyl group. 3-tolyl group, 4-tolyl group. 2 3-xylyl qroup 2 4- 
xylyl group. 2,5-xylyl group. 2,6-xylyl group. 3.4-xylyl group, 3.5-xylyl group, 2,3.4-trimethylphenyl group. 2 3 5-trimeth- 
ylphenyl group. 2,3.6-trimethylphenyl group. 2,4,6-trimethylphenyl group, 3.4,5-trimethylphenyl group, 2 3 4 5-tetrame- 
thylphenyl group, 2,3,4.6-tetramethylphenyl group, 2.3,5,6-tetramethylphenyl group, pentamethylphenyl group 
ethylphenyl group, n-propylphenyl group, isopropylphenyl group, n-butylphenyl group, sec-butylphenyl group, tert-butyl- 
phenyl group, n-pentylphenyl group, neopentylphenyl group, n-hexylphenyl group, n-octylphenyl group, n-decylphenyl 
group, n^Jodecylphenyl group, n-tetradecylphenyl group, naphthyl group and arrthracenyl group, more preferably a Dhe- 
so nyl group. 

[0038] All of these aryl groups may be partially substituted with a halogen atom (fluorine atom, chlorine atom bromine 
atom or iodine atom), an alkoxy group such as methoxy group and ethoxy group, an aryloxy group such as a phenoxy 
group, or an aralkyloxy group such as a benzyloxy group, etc. 

[0039] The substituted silyl group in the substituent X\ X 2 , R 1 , R 2 , R 3 , R 4 , R* or R 6 is a silyl group substituted with a 
55 hydrocarbon group, and examples of the hydrocarbon group include an alkyl group having 1 to 10 carbon atoms such 
as a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, sec-butyl group, tert-butyl group isobutyl 
group, n-pentyl group, n-hexyl group and cyclohexyl group, and an aryl group such as a phenyl group. Examples of the 
substituted silyl group having 1 to 20 carbon atoms include a mono-substituted silyl group having 1 to 20 carbon atoms 
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such as a methylsilyl group, ethylsilyl group and phenylsilyl group; di-substituted silyl group having 2 to 20 carbon 
atoms, such as a dimethylsilyl group, diethylsilyl group and diphenylsilyl group; and a tri -substituted silyl group having 
3 to 20 carbon atoms, such as a trimetyhlsilyl group, triethylsilyl group, tri-n-propylsilyl group, triisopropylsilyl group, tri- 
n-butylsilyi group, tri-sec-butylsilyl group, tri-tert-butylsilyl group, triisobutylsilyl group, tert-butyl-dimethylsilyl group,' tri- 
n-pentylsilyl group, tri-n-hexylsilyl group, tricyclohexylsilyl group and triphenylsilyl group, preferably a trimethylsilyl 
group, tert-butyldimethylsilyl group or triphenylsilyl group. 

[0040] All of the hydrocarbon groups of these substituted silyl groups may be partially substituted with a halogen atom 
(fluorine atom, chlorine atom, bromine atom or iodine atom), an alkoxy group such as.a methoxy group and ethoxy 
group, an aryloxy group such as a phenoxy group, or an aralkyloxy group such as benzyloxy group. 
[0041] As the alkoxy group in the substituent X 1 , X 2 , Ft\ R 2 , R 3 , R 4 , R 5 or R 6 , an alkoxy group having 1 to 20 carbon 
atoms is preferred. Examples thereof include a methoxy group, ethoxy group, n-propoxy group, isopropoxy group, n- 
butoxy group, sec-butoxy group, tert-butoxy group, n-pentoxy group, neopentoxy group, n-hexoxy group, n-octoxy 
group, n<iodecoxy group, n-pentadecoxy group and n-eicosoxy group, more preferably methoxy group, ethoxy group or 
tert-butoxy group. 

[0042] All of these alkoxy groups may be partially substituted with a halogen atom (fluorine atom, chlorine atom, bro- 
mine atom or iodine atom), an alkoxy group such as a methoxy group and ethoxy group, an aryloxy group such as phe- 
noxy group, or an aralkyloxy group such as a benzyloxy group, 

[0043] As the aralkyloxy group in the substituent X 1 , X 2 , R 1 , R 2 , R 3 , R 4 , R 5 or R 6 , an aralkyloxy group having 7 to 20 
carbon atoms is preferred. Examples thereof include a benzyloxy group, (2-methylphenyl)methoxy group, (3-methyl- 
phenyl)methoxy group, (4-methylphenyl) methoxy group, (2,3-dimethylphenyl)methoxy group, (2,4-dimethylphe- 
nyl)methoxy group, (2 ,5-dimethylphenyl) methoxy group, (2,6<limethylphenyl)methoxy group, (3,4- 
dimethylphenyl)methoxy group, (3, 5-dimethylph en yl) methoxy group, P.S^-trimethylphenyOmethoxy group, (2 3 5-tri- 
methylphenyOmethoxy group. (2,3,6-trimethylphenyl)methoxy group, (2,4,5-trimethylphenyl)methoxy group" (246-tri- 
methylphenyl)methoxy group, (3,4,5-trimethylphenyl)methoxy group, (2,3,4,5-tetramethylphenyl)methoxy 'group 
(2,3,4,6-tetramethylphenyl)methoxy group, (2,3,5.6-tetramethylphenyl)methoxy group, (pentamethylphenyl)methoxy 
group, (ethylphenyl)methoxy group, (n-propylphenyl)methoxy group, (isopropylphenyl)methoxy group (n-butylphe- 
nyl)methoxy group, (sec-butylphenyl)methoxy group, (tert-butylphenyl)methoxy group, (n-hexylphenyl)methoxy group, 
(n-octylphenyl)methoxy group, (n^ecylphenyl)methoxy group, (n-tetradecylphenyl)methoxy group, naphthylmethoxy 
group and anthracenylmethoxy group, more preferably a benzyloxy group. 

[0044] All of these aralkyloxy groups may be partially substituted with a halogen atom (fluorine atom, chlorine atom, 
bromine atom or iodine atom), an alkoxy group such as a methoxy group and ethoxy group, an aryloxy group such as 
a phenoxy group, or an aralkyloxy group such as a benzyloxy group. 

[0045] As the aryloxy group in the substituent X 1 , X 2 , R 1 , R 2 R 3 , R 4 , R 5 or R 6 , an aralkyloxy group having 6 to 20 
carbon atoms is preferred. Examples thereof include a phenoxy group, 2-methylphenoxy group, 3-methylphenoxy 
group, 4-methylphenoxy group, 2,3<*imethylphenoxy group, 2,4<Jimethylphenoxy group, 2,5-dimethylphenoxy group 
2,6-dimethylphenoxy group, 3,4-dimethylphenoxy group, 3,5-dimethylphenoxy group, 2,3,4-trimethylphenoxy group' 
2,3,5-tnmethylphenoxy group, 2,3,6-trimethylphenoxy group, 2,4,5-trimethylphenoxy group, 2,4,6-trimethylphenox^ 
group, 3,4,5-trimethylphenoxy group, 2,3,4,5-tetramethylphenoxy group, 2,3,4,6-tetramethylphenoxy group 2 3 5 6- 
tetramethylphenoxy group, pentamethylphenoxy group, ethylphenoxy group, n-propylphenoxy group, isopropylphenoxy 
group, n-buty!phenoxy group, sec-butylphenoxy group, tert-butylphenoxy group, n-hexylphenoxy group, n-octylphenoxy 
group, n-decylphenoxy group, n-tetradecylphenoxy group, naphthoxy group and anthracenoxy group. 
[0046] All of these aryloxy groups may be partially substituted with a halogen atom (fluorine atom, chlorine atom, bro- 
mine atom or iodine atom), an alkoxy group such as a methoxy group, ethoxy group, an aryloxy group such as a phe- 
noxy group, or an aralkyloxy group such as benzyloxy group. 
45 [0047] The di-substituted amino group in the substituent X 1 , X 2 , R 1 , R 2 , R 3 , R 4 , R* or R 6 is an amino group substituted 
with two hydrocarbon groups, and examples of the hydrocarbon group include an alkyl group having 1 to 10 carbon 
atoms, such as a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, sec-butyl group, tert-butyl 
group, isobutyl group, n-pentyl group, n-hexyl group and cyclohexyl group; aryl group having 6to 10 carbon atoms such 
as a phenyl group, and aralkyl group having 7 to 10 carbon atoms. Examples of the di-substituted amino group substi- 
so tuted with the hydrocarbon group having 1 to 10 carbon atoms include a dimethylamino group, diethylamino group di- 
n-propylammo group, diisopropylamino group, di-n-butylamino group, di-sec-butylamino group, di-tert-butylamino 
group, diisobutylamino group, tert-butylisopropylamino group, di-n-hexylamino group, di-n-octylamino group di-n- 
decylamino group, diphenylamino group, bistrimethylsilylamino group and bis-tert-butyldimethylsilylamino group pref- 
erably a dimethylamino group or diethylamino group. 
55 [0048] The substituent R 1 , R 2 R 3 , R 4 , R 5 and R 6 may be optionally combined with each other to form a ring. 
[0049] R is preferably an alkyl group, an aralkyl group, an aryl group or a substituted silyl group 
[0050] Preferably, each of X 1 and X 2 is independently a halogen atom, an alkyl group, an aralkyl group, an alkoxy 
group, an aryloxy group or a di-substituted amino group, more preferably halogen atom. 
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[0051] Examples of the compound (A) represented by the formula [I] (hereinafter referred to as a "transition metal 
complex A", sometimes) include transition metal complex wherein J is a carbon atom in the general formula [I], such as 
methylene(cyclopentadienyl)(3.5-dimethyl-2-phenoxy)titanium dichloride, methylene(cycloperrtadienyl)(3-tert-butyl-2- 
phenoxy)titanium dichloride, methylene(cyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride methyl- 
5 ene(cyclopentadienyl)(3-phenyl-2-phenoxy)titanium dichloride, methylene(cyclopentadienyl)(3-tert-butyldimethylsilyl- 
5-m9thyl-2-phenoxy)titanium dichloride. methylene(cyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium 
dichloride, methylene(cyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, methylene(cyclopenta- 
dienyl)(3-tert-butyl-S-chloro-2-phenoxy)titanium dichloride. methylene(methylcyclopentadienyl)(3 5-dimethyl-2-phe- 
noxy)tjtamum dichloride. methylene(methylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride 
w rnethylene(methylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, methylenefmethylcyclopenta- 
dienyl)(3-phenyl-2-phenoxy)titanium dichloride. methylene(methylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl- 
2-phenoxy)titanium dichloride. methylene(methylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichlo- 
ride, methylene(methylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride. methylenefmethylcy- 
clopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride. methylene(tert-butylcyclopentadienyl)(3 5- 
15 dimethyl-2-phenoxy)titanium dichloride, methylene(tert-butylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichlo- 
ride, methylene(tert-butylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride. methyleneflert-butylcy- 
clopentadienyl)(3-phenyl-2-phenoxy)tjtanium dichloride, methylene(tert-butylcyclopentadienyl)(3-tert-butyldimethyl- 
silyl-5-methyl-2-phenoxy)titanium dichloride, methylene(tert-butylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phe- 
noxy)titanium dichloride. methylene(tert-butylcyclopentadienyl) (3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride 
20 methylene (tert-butylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride. methylene(tetramethylcy- 
clopentadienyl)(3,5-dimethyl-2-phenoxy)titanium dichloride. methylene(tetramethylcyclopentadienyl)(3-tert-butyl-2- 
phenoxy)titanium dichloride, methylene(tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichlo- 
ride, methylene(tetramethylcyclopertadienyl)(3-phenyl-2-phenoxy)titaniumdi<^loride.methylene(tetramethylcyclcpen^ 
tadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride. methylene(tetramethylcyclopentadienyl)(3- 
25 tnmethylsilyl-5-methyl-2-phenoxy)titanium dichloride. methylene(tetramethylcyclopentadienyl)(3-tert-butyl-5-methoxy- 
2-phenoxy)titanium dichloride. rnethylene(tetramethylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium 
dichloride. methylene(trimethylsilylcyclopentadienyl)(3.5-dimethyl-2-phenoxy)titanium dichloride. methylene(trimethyls- 
ilylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, methylene(trimethylsilylcyclopentadienyl)(3-tert-butyl- 
5-methyl-2-phenoxy)titanium dichloride, methylene(trimethylsilylcyclopentadienyl)(3-phenyl-2-phenoxy)titaniumdichlo- 
30 ride, methylene(tnmethylsilylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride methyl- 
ene(tnmethyls.lylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride. methyleneftrimethylsilyl- 
cyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, methylene(trimethylsilylcyclopentadienyl)(3- 
tert-butyl-5-chloro-2-phenoxy)titanium dichloride. methylene(fluorenyl)(3,5-dimethyl-2-phenoxy)titanium dichloride 
methylene(fluorenyl)(3-tert-butyl-2-phenoxy)titanium dichloride. methylene(fluorenyl)(3-tert-butyl-5-methyl-2-phe- 
noxy)titanium dichloride. methylene(fluorenyl)(3-phenyl-2-phenoxy)titanium dichloride, methylene(fluorenyl)(3-tert- 
butyldimethyls.lyl-5-methyl-2-phenoxy)titanium dichloride. methylene{fluorenyl)(3-trimethylsilyl-5-methyl-2-phe- 
noxy)titan.um dichloride, methylene(fluorenyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, methyleneffluore- 
nyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride. isopropylidene(cyclopentadienyl)(3,5-dimethyl-2- 
phenoxy)t.tan.um dichloride, isopropylidene{cyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, isopropyli- 
dene(cydopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, isopropylidene(cyclopentadienyl)(3-phe- 
nyl-2-phenoxy)titanium dichloride, isopropylidene(cyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2- 
phenoxy)titan.um dichloride, isopropylidene(cyclppentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride 
isopropylidene(cyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, isopropylidene(cyclopentadi- 
enyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride. isopropylidene(methylcyclopentadienyl)(3 5-dimethyl-2-phe- 
noxy)titanium dichloride. isopropylidene(methylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride 
.sopropylidene(methylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, isopropylidene(methylcy- 
clopentad.enyD(3-phenyl-2-phenoxy)ftanium 

lyl-5-methyl-2-phenoxy)titanium dichloride, isopropylidene(methylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2- 
phenoxy)titanium dichloride. isopropylidene(methylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium 

so d.chlor.de. isopropylidene(methylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, isopropyli- 
dene(tert-butylcyclopentadienyl)(3.5-dimethyl-2-phenoxy)titanium dichloride, isopropylidene(tert-butylcydopentadi- 
enyl)(3-tert-butyl-2-phenoxy)titanium dichloride. isopropylidene(tert-butylcyclopentadienyl)(3-tert-butyl-5-methyl-2- 
phenoxy)trian.um dichloride, isopropylidene(tert-butylcyclopentadienyl)(3-phenyl-2-phenoxy)titanium dichloride iso- 
propylidene(tert-butylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride isopropyli- 

ss dene(tert-butylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride. isopropylideneftert- 
butylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, isopropylidene(tert-butylcydopentadi- 
enyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride. isopropylidene(tetramethylcyclopentadienyl)(3 5-dimethyl-2- 
phenoxy)titanium dichloride, isopropylidene(tetramethylcyclopentadieny0(3-tert-butyl-2-phenoxy)titanium dichloride 
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isopropylidene(tetramethylcyclopentadienyl)(3-tert43utyl-5-methyl-2-phenoxy)titanium dichloride, isopropyli- 
dene(tetramethylcyclopentadienyl)(3-phenyl-2-phenoxy)titanium dichloride. isopropylidene(tetramethylcyclopentadi- 
enyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, isopropylidene(tetramethylcyclopentadienyl)(3- 
trimethylsilyl-5-melhyl-2-phenoxy)titanium dichloride, isopropylidene(letramethylcyclopentadienyl)(3-tert-butyl-5-meth- 
oxy-2-phenoxy)titanium dichloride, isopropylidene(tetramethylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)tita- 
n«um d.chloride, isopropylidene(trimethylsilylcyclopentadienyl)(3,5-dimethyl-2-phenoxy)titanium dichloride 
isopropyl.dene(trimethylsilylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride. isopropylidene(trimethylsilyl- 
cyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride. isopropylidene(trimethylsilylcyclopentadienyl)(3- 
phenyl-2-phenoxy)titanium dichloride, 'Sopropylidene(trimethylsilylcyclopentadienyl)(3-tert-butyldirnethylsilyl-5-methyl- 
2-phenoxy)titanium dichloride, isopropylidene(trimethylsilylcycloperrtadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)tita- 
mum dichloride. isopropylidene(trimethylsilylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titaniurn dichloride 
isopropylidene(tr.methylsilylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titaniurn dichloride, isopropylidenefflu- 
orenyl)(3,5-dimethyl-2-phenoxy)titanium dichloride. isopropylidene(fluorenyl)(3-tert-butyl-2-phenoxy)titanium dichlo- 
ride. isopropylidene(fluorenyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride. isopropylidene(fluorenyl)(3-phenyl- 
2-phenoxy)t.tan.um dichloride. isopropylidene(f luorenyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichlo- 
ride. isopropylidene(fluorenyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, isopropylidene(fluorenyl)(3-tert- 
butyl-5-methoxy-2-phenoxy)titanium dichloride, isopropylidene(fluorenyl)(3-lert-butyl-5-chloro-2-phenoxy)titanium 
dichloride, diphenylmethylene(cyclopentadienyl)(3.5-dimethyl-2-phenoxy)titanium dichloride. diphenylmethyl- 
ene(cyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride. diphenylmethylene(cyclopentadienyl)(3-tert-butyl-5- 
methyl-2-phenoxy)titanium dichloride, diphenylmethylenefcyclopenladienylJO-phenyl^-phenoxyJtitanium dichloride 
dphenylmethylenelcyclopentadienyOls-tert-butyldimethylsilyl-S-methyl^-phen^titanium dichloride, diphenylmethyl- 
ene(cyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride. diphenylmethylene(cyclopentadienyl)(3- 
tert-butyl-5-methoxy-2-phenoxy)titanium dichloride. diphenylmethylene(cyclopentadienyl)(3-tert-butyl-5-chloro-2-phe- 
noxy)trtan.um dichloride. diphenylmethylene(methylcyclopentadienyl)(3.5<limethyl-2-phenoxy)titanium dichloride 
diphenylmethylene(methylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride. diphenylmethylene(methylcy- 
clopentad l enyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride. diphenylmethylene(methylcyclopentadienyl)(3- 
phenyl-2-phenoxy)titanium dichloride, diphenylmethylene(methylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2- 
phenoxyjtitanium d.chloride. diphenylmethylene(methylcydopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium 
dichlor.de. d'Phenylmethylene(methylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride diphe- 
nylmethylene(methylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, diphenylmelhyleneftert- 
butylcyclopentad.enyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, diphenylmethylene(tert-butylcyclopentadienyl)(3- 
tert-butyl-2-phenoxy)titanium dichloride, diphenylmethylene(tert-butylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phe- 
noxy)titan,um dichloride, diphenylmethylene(tert-butylcyclopentadienyl)(3-phenyl-2-phenoxy)titaniumdichloride diphe- 
nylmethylene(tert-butylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)litanium dichloride 
diphenylmethylene(tert-butylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-pheno)<y)titaniurndichloride^ 
ene(tert-butylcyclopentadienyl)(3-tert-butyl-5-methox y -2- P henoxy)titariium d.chloride, diphenylmethyleneftert-butylcy- 
clopentad,enyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride. diphenylmethylene(tetramethylcyclopenta- 
dienyl)(3,5-d.methyl-2-phenoxy)titanium dichloride. diphenylmethylene(tetramethylcyclopentadienyl)(3-tert-butyl-2- 
phenoxy)titan.um d.chloride, diphenylmethylene(tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium 
d.ch or.de, d.phenylmethylene(tetramethylcyclopentadienyl)(3-phenyl-2-phenoxy)Wanium dichloride. diphenylmethyl- 
enetetramethylcydopentadienyl)(3-tert-Dutyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride diphenylmethvl- 
ene(tetramethylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride diphenylmethyl- 
ene(tetramethylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, diphenylmethylene(tetrameth- 
ylcyc opentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, diphenylmelhylene(trimethylsilylcyclopentadi- 
enyi)(3.5-d.methyl-2-phenoxy)titanium dichloride, diphenylmethylene(trimethylsilylcyclopentadienyl)(3-tert-butyl-2- 
phenoxy)titan.um dichloride. diphenylmethylene(trimethylsilylcycloperrtadieriyl)(3-tert-butyl-5-methyl-2-phenoxy)tita- 
n.um d.chlonde, diphenylmethylene(trimethylsilylcyclopentadienyl)(3-phenyl-2-phenoxy)titenium dichloride diphenyl- 
rnehy e netr.methylsilylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-methy^ dichloride diphenyl- 

methylene(tr.methylsilylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, diphenylmethyl- 
ene(tr.methylsilylcyclopentadie^ diphenylmethyleneftrimethvl- 
sHylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, diphenylmethylene(fluorenyl)(3 5-dimethyl-2- 
phenoxy)trtanium dichloride, diphenylmethylene(fluorenyl)(3-tert-butyl-2-phenoxy)titanium dichloride. diphenylmethyl- 
ene(fluorenyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride. diphenylmethylene(fluorenyl)(3-phenyl-2-phe- 
noxy)t.taniumdichloride.diphenylmethylene(fluorenyl)(3-tert-butyldimethylsilyl-5-methyl-2-pheno^ 
d.phenylmethylene(fluorenyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride. diphenylmethylene(fluorenyl)(3- 
tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, diphenylmethylene(fluorenyl)(3-tert-butyl-5-chloro-2-phenoxy)tita- 
n.um d.chlonde, compounds wherein titanium of these compounds is replaced by zirconium or hafnium, compounds 
wherem d.chlonde of these compounds is replaced by dibromide. diiodide, bis(dimethylamide), bis(diethylamide) di-n- 
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butoxide or diisopropoxide, compounds wherein (cyclopentadienyl) of these compounds is replaced by (dimethylcy- 
clopentad.enyl), (trimethylcyclopentadienyl), (n-butylcyclopentadienyl), (tert-butyldimethylsilylcyclopentadienyl) or 
(indenyl), and compounds wherein (3.5-dimethyl-2-phenoxy) of these compounds is replaced by (2-phenoxy) (3- 
methyl-2-phenoxy),(3,5Kli-tert-butyl-2-phenoxy). (3-phenyl-5-methyl-2-phenoxy). (3-tert-butyldimethylsilyl-2-phenoxy) 
s or (3-tr.methylsilyl-2-phenoxy); and transition metal complex wherein J is an atom of Group XIV of the Periodic Table of 
the Elements other than carbon atom, such as dimethylsilylene (cydopentadienyl)(2-phenoxy)titanium dichloride 
dimethylsilylene(cyclopentadienyl)(3-methyl-2-phenoxy)titanium dichloride. dimethylsilylene(cyclopentadienyl)(3 5- 
d.methyl-2-phenoxy)titanium dichloride, dimethylsilylene(cyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride 
d.methylsilylene(cyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(cydopentadi- 
w enyl)(3,5-di-tert-butyl-2-phenoxy)titanium dichloride. dimethylsilylene(cydopentadienyl)(5-methyl-3-phenyl-2-phe- 
noxy)titanium dichloride, dimethylsilylene(cyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium 
dichloride, dimethylsilylene(cyclopentadienyl)(5-methyl-3-trimethylsilyl-2-phenoxy)titanium dichloride dimethylsi- 
lylene(cyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride. dimethylsilylene(cydopentadienyl)(3- 
tert-butyl-5-chloro-2-phenoxy)tjtanium dichloride. dimethylsilylene(cyclopentadienyl)(3.5-di-sec-amyl-2-phenoxy)tita- 
15 mum dichloride, dimethylsilylene(methylcyclopentadienyl)(2-phenoxy)titanium dichloride. dimethylsilylene(methylcy- 
clopentadienyl)(3-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(methylcyclopentadienyl)(3 5-dimethyl-2- 
phenoxy)titan.um dichloride. dimethylsilylene(methylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride 
dimethylsilylene(methylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, dimethylsilylenefmethyl- 
cyclopentadienyl)(3,5-di-tert-butyl-2-phenoxy)titanium dichloride, dimethylsilylene(methylcyclopentadienyl)(5-methyl-3- 
20 phenyl-2-phenoxy)titanium dichloride, dimethylsilylene(methylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2- 
phenoxy)titanium dichloride. dimethylsilylene(methylcyclopentadienyl)(5-methyl-3-trimethylsilyl-2-phenoxy)titanium 
dichlor.de, d.methylsilylene(methylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride dimethylsi- 
lylene(methylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride. dimethylsilylene(methylcyclopenta- 
dienyl)(3.5-di-sec-amyl-2-phenoxy)titanium dichloride. dimethylsilylene(n-butylcyclopentadienyl)(2-phenoxy)titanium 
25 dichloride, d.methyls.lylene(n-butylcyclopentadienyl)(3-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(n-butyl- 
cyclopentadienyl)(3.5-dimethyl-2-phenoxy)titanium dichloride. dimethylsilylene(n-butylcyclopentadienyl)(3-tert-butyl-2- 
phenoxy)titanium dichloride, dimethylsilylene(n-butylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichlo- 
ride, d.methyls.lylene(n-butylcyclopentadienyl)(3,5-di-tert-butyl-2-phenoxy)titanium dichloride. dimethylsilylene(n-butyl- 
cyclopentadtenyl)(5-methyl-3-phenyl-2-phenoxy)titanium dichloride, dimethylsilylene(n-butylcyclopentadienyl)(3-tert- 
30 butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(n-butylcyclopentadienyl)(5-methyl-3-tri- 
methylalyl-2-phenoxy)titanium dichloride, dimethylsilylene(n-butylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phe- 
noxy)titanium dichloride, dimethylsilylene(n-butylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride 
d.methyls.lylene(n-butylcyclopentadienyl)(3.5-di-sec-amyl-2-phenoxy)titanium dichloride, dimethylsilylene(tert-butylcy- 
clopentadienyl)(2-phenoxy)titanium dichloride. dimethylsilylene(tert-butylcyclopentadienyl)(3-methyl-2-phenoxy)tita- 
35 nium dichloride. dimethylsilylene(tert-butylcyclopentadienyl)(3.5-dimethyl-2-phenoxy)tjtanium dichloride 
dimethylsilylene(tert-butylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride. dimethylsilyleneftert-butylcy- 
clopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(tert-butylcyclopentadienyl)(3 5-di- 
tert-butyl-2-phenoxy)titanium dichloride. dimethylsilylene(tert-butylcyclopentadienyl)(5-methyl-3-phenyl-2-phenoxy)tita- 
nium dichlor.de, dimethylsilylene(tert-butylcydopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium 
40 dichlonde. dimethylsilylene(tert-butylcyclopentadienyl)(5-methyl-3-trimethylsilyl-2-phenoxy)titanium dichloride dimeth- 
yls.lylene(tert-butylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride. dimethylsilyleneftert-butyl- 
cycloperrtadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, dimethylsilylene(tert-butylcyclopentadienyl)(3 5- 
dhsec-amyl-2-phenoxy)titanium dichloride. dimethylsilylene(tetramethylcyclopentadienyl)(2-phenoxy)titanium dichlo- 
ride. dimethyls.lylene(tetramethylcyclopentadienyl)(3-methyl-2-phenoxy)titanium dichloride. dimethylsilyleneftetrame- 
45 thylcyclopentad.enyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, dimethylsilylene(tetramethylcyclopentadienyl)(3-tert- 
butyl-2-phenoxy)titanium dichloride, dimethylsilylene(tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phe- 
noxy)titan.um dichloride. dimethylsilylene(tetrame%lcyclcpentadienyl)(3.5Kii-tert-biJtyl-2-phenoxy)titanium dichloride 
d.methylsilylene(tetramethylcyclopentadienyl)(5-methyl-3-phenyl-2-phenoxy)titanium dichloride dimethylsi- 
lylene(tetramethylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride dimethylsi- 
so lylene(tetramethylcyclopentadienyl)(5-methyl-3-trimethylsilyl-2-phenoxy)titanium dichloride, dimethylsilylene(tetra- 
methycyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titaniumdichloride,dimethylsilylene(tetrame^^^ 
dienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, dimethylsilylene(tetramethylcyclopentadienyl)(3 5-di-sec- 
amyl-2-phenoxy)t.tanium dichloride, dimethylsilylene(trimethylsilylcyclopentadienyl)(2-phenoxy)titanium dichloride 
dimethylsilylene(trimethylsilylcyclopentadienyl)(3-methyl-2-phenoxy)titanium dichloride. dimethylsilyleneftrimethylsilyl- 
55 cyclopentadienyl)(3.5-dimethyl-2-phenoxy)tjtanium dichloride. dimethylsilylene(trimethylsilylcyclopentadienyl)(3-tert- 
butyl-2-phenoxy)titanium dichloride. dimethylsilylene(trimethylsilylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phe- 
noxy)titan.um dichloride. dimethylsilylene(trimethylsilylcyclopentadienyl)(3.5-di-tert-butyl-2-phenoxy)titanium dichlo- 
ride. dimethylsilylene(tr.methylsilylcyclopentadienyl)(5-methyl-3-phenyl-2-phenoxy)titanium dichloride, dimethyl- 
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silylene(trimethylsilylcyclopentadienyl)(3-tert*utyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, dimethylsi- 
lylene(trimethylsilylcyclopentadienyl)(5-methyl-3-trimethylsilyl-2-phenoxy)titanium dichloride, dimethylsilylene(trimeth- 
ylsilylcyc!opentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, dimethylsilylene(trimethylsilylcyclo- 
pentadienylK3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, dimethylsilylene(trimethylsilylcyclopentadienyl)(3 5- 
di-sec-amyl-2-phenoxy)titanium dichloride, dimethylsilylene(indenyl)(2-phenoxy)titanium dichloride, dimethyl'si- 
lylene(.ndenyl)(3-methy|.2-phenoxy)titanium dichloride. dimethylsilylene(indenyl)(3,5-dimethyl-2-phenoxy)titanium 
dichloride. dimethylsilylene(indenyl)(3-tert-butyl-2-phenoxy)titanium dichloride, dimethylsilylene(indenyl)(3-tert-butyl-5- 
methyl-2-phenoxy)titanium dichloride, dimethylsilylene(indenyl)(3,5-di-tert-butyl-2-phenoxy)titanium dichloride dimeth- 
ylsilylene(indenyl)(5-methyl-3-phenyl-2-phenoxy)titanium dichloride, dimethylsilylene(indenyl)(3-tert-butyldimethylsilyl- 
5-methyl-2-phenoxy)titanium dichloride. dimethylsilylene(indenyl)(5-methyl-3-trimethylsilyl-2-phenoxy)titanium dichlo- 
ride. dimethylsilylene(indenyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, dimethylsilylene(indenyl)(3-tert- 
butyl-5-chloro-2-phenoxy)titanium dichloride. dimethylsilylene(indenyl)(3,5-di-sec-amyl-2-phenoxy)titanium dichloride 
dimethylsilylene(fluorenyl)(2-phenoxy)titanium dichloride. dimethylsilylene(fluorenyl)(3-methyl-2-phenoxy)titanium 
dichloride. dimethylsilylene(fluorenyl)(3,5-dimethyl-2-phenoxy)trtanium dichloride, dimethylsilylene(fluorenyl)(3-tert- 
butyl-2-phenoxy)trtanium dichloride. dimethylsilylene(fluorenyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride 
dimethylsilylene(fluorenyl)(3.5-di-tert-butyl-2i3henoxy)titanium dichloride, dimethylsilylene(fluorenyl)(5-methyl-3.phe- 
nyl-2-phenoxy)titanium dichloride. dimethylsilylene(fluorenyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium 
dichloride. dimethylsilylene(fluorenyl)(5-methyl-3-trirnethylsilyl-2-phenoxy)titanium dichloride, dimethylsilylene(fluore- 
nyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride. dimethylsilylene(fluorenyl)(3-tert-butyl-5-chloro-2-phe- 
noxy)titan.um dichloride, dimethylsilylene(fluorenyl)(3,5-di-sec-amyl-2-phenoxy)litanium dichloride dimethyl- 
silylene(tetramethylcyclopentadienyl)(l-naphthox-2-yl)titanium dichloride, compounds wherein (cyclopentadienyl) of 
these compounds is replaced by (dimethylcycloperrtadienyl), (trimethylcyclopentadienyl), (ethylcyclopentadienyl) (n- 
propylcyclopentadienyO. (isopropylcyclopentadienyl). (sec-butylcyclopenladienyl), (isobutylcyclopentadienyl) (tert- 
butyldimethylsilylcyclopentadienyl), (phenylcyclopentadienyl), (methylindenyl) or (phenylindenyl), compounds wherein 
(2-phenoxy) of these compounds is replaced by (3-phenyl-2-phenoxy), (3-trimethylsilyl-2-phenoxy) or (3-tert-butyld- 
imethylsilyl-2-phenoxy). compounds wherein dimethylsilylene of these compounds is replaced by diethylsilylene diphe- 
nylsilylene or dimethoxysilylene. compounds wherein titanium of these compounds is replaced by zirconium or hafnium 
and compound wherein dichloride of these compounds is replaced by dibromide. diiodide, bisfdimethylamide)' 
bis(diethylamide), di-n-butoxide or diisopropoxide. 

[0052] The transition metal complex represented by the above general formula [I] can be synthesized for example 
by a method disclosed in JP-B-9-873 13. " 
[0053] That is. a compound having a structure that a group having a cyclopentadienyl skeleton and a group having 
an alkoxybenzene skeleton are combined via an atom of Group XIV is obtained by reacting an alkoxybenzene com- 
pound whose ortho-position is halogenated with a cyclopentadiene compound substituted with a halogenated atom of 
Group XIV in the presence of an organoalkalinemetal or a metallic magnesium. Then, a transition metal complex rep- 
resented by the above general formula [I] can be synthesized by treating the compound with a base, and reacting with 
a transition metal hahde, a transition metal hydrocarbon compound or transition metal hydrocarbonoxy compound. 

(B) Aluminum compound 

[0054] The aluminum compound (B) used in the present invention includes publicly known organoaluminum com- 
pounds, that is. at least one aluminum compound selected from (B1) to (B3) described below: 

(B1) an organoaluminum compound represented by the general formula E 1 a AIZ 3 . a ; 

(B2) a cyclic aluminoxane having a structure represented by the general formula f-AI(E 2 )-0-} b ; and 

(B3) a linear aluminoxane having a structure represented by the general formula E 3 {-AI(E 3 )-0-} AIE 3 2 

(wherein E , E and E 3 respectively represent a hydrocarbon group, all of E 1 . all of E 2 and alfof E 3 may be the 

same or different; Z represents a hydrogen atom or a halogen atom, and all of Z maybe the same or different' a 

represents a number satisfying the expression 0 < a s 3; b represents an integer of 2 or more and c represents an 

integer of 1 or more). 

[0055] As the hydrocarbon group in E 1 , E 2 or E 3 , a hydrocarbon group having 1 to 8 carbon atoms is preferred and 
an alkyl group is more preferred. 

[0056] Specific examples of the organoaluminum compound (B1) represented by E 1 a AIZ 3 . a include trialkylaluminums 
such as trimethylalummum, triethylaluminum, tri-n-propylaluminum. triisopropylaluminum, triisobutylaluminum and tri-n- 
hexylalummum; dialkylalummum chlorides such as dimethylaluminum chloride, diethylaluminum chloride di-n-propyla- 
lummum chloride, diisopropylaluminum chloride, diisobutylaluminum chloride and di-n-hexylaluminum chloride- alkyla- 
lummum dichlorides such as methylaluminum dichloride. ethylaluminum dichloride, n-propylaluminum dichloride 
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isopropylaluminum dichloride, isobutylaluminum dichloride and n-hexylaluminum dichloride; and dialkylaluminum 
hydrides such as dimethylaluminum hydride, diethylaluminum hydride, di-n-propylaluminum hydride, diisobutylalumi- 
num hydride and di- n-hexylaluminum hydride. 

[0057] Among them, trial kylaluminum is preferred and triethylaluminum or triisobutylaluminum is more preferred 
[0058] Specific examples of E 2 and E 3 in (B2) a cyclic aluminoxane having a structure represented by the general 
formula j-AI(E )-0-} b and (B3) a linear aluminoxane having a structure represented by the general formula E 3 {-AI(E 3 )- 
0-} c AIE 2 include an alkyl group such as a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group 
isobutyl group, n-pentyl group and neopentyl group, etc. b is an integer of 2 or more, c is an integer of 1 or more. Each 
of E and E is preferably a methyl group or isobutyl group, b is preferably from 2 to 40 and c is preferably from 1 to 40 
[0059] The above aluminoxane is prepared by various methods. The method is not specifically limited and the alu- 
minoxane may be prepared according to a publicly known method. For example, the aluminoxane is prepared by con- 
tacting a solution obtained by dissolving a trialkylaluminum (e.g. trimethylaluminum) in a suitable organic solvent (e g 
benzene, aliphatic hydrocarbon) with water. Also, there can be illustrated a method for preparing the aluminoxane by 
contacting a trialkylaluminum (e.g. trimethylaluminum) with a metal salt containing crystal water (eg copper sulfate 
hydrate). 

(C) Boron compound 

[0060] As the boron compound (C) in the present invention, there can be used any one of (C1) a boron compound 
represented by the general formula BQ 1 Q 2 Q 3 (C2) a boron compound represented by the general formula 
G (BQ Q Q Q ) and (C3) a boron compound represented by the general formula (L-H) + (BQ 1 Q 2 Q 3 Q 4 )\ 
[0061] In the boron compound (C1) represented by the general formula BQ 1 Q 2 Q 3 , B represents a boron atom in the 
tnvalent valence state; Q 1 to Q 3 may be the same or different and represent a halogen atom, a hydrocarbon group a 
halogenated hydrocarbon group, a substituted silyl group, an alkoxy group or a di-substituted amino group. Each of Q 1 
to Q is preferably a halogen atom, a hydrocarbon group having 1 to 20 carbon atoms, a halogenated hydrocarbpn 
group having 1 to 20 carbon atoms, a substituted silyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 
20 carbon atoms or an amino group having 2 to 20 carbon atoms, more preferably a hydrocarbon group having 1 to 20 
carbon atoms or a halogenated hydrocarbon group having 1 to 20 carbon atoms. More preferably, Q 1 to Q 4 are a f luor- 
inated hydrocarbon group having 1 to 20 carbon atoms and containing at least one fluorine atom, and most preferably, 
Q to Q are a f luorinated aryl group having 6 to 20 carbon atoms and containing at least one fluorine atom. 
[0062] Specific examples of the compound (C1) include tris(pentafluorophenyl)borane, tris(2,3,5 6-tetrafluorophe- 
nyl)borane. tris(2 ) 3,4,5-tetrafluorophenyl)borane, tris(3,4,5-trifluorophenyl)borane, tris(2,3,4-trif luorophenyl)borane and 
phenylbis(pentaf luorophenyl)borane, most preferably tris(pentaf luorophenyl)borane. 

[0063] In the boron compound (C2) represented by the general formula G + (BQ 1 Q 2 Q 3 Q 4 )", G + represents an inorganic 
or organic cation; B represents a boron atom in the trivalent valence state; and Q 1 to Q 4 are the same as defined in Q 1 
to Q . 

^ + °^i^2^3 e 4 ifiC examples of G+ as an in <> r gan'C cation in the compound represented by the general formula 
G (BQ QQQ) include a ferrocenium cation, alkyl-substituted ferrocenium cation and silver cation. Examples of the 
G as an organic cation include a triphenylmethyl cation. G + is preferably a carbenium cation, particularly a triphenyl- 
methyl cation. Examples of (BQ 1 Q 2 Q 3 Q 4 )* include tetrakis(pentafluorophenyl)borate, tetrakis(2,3,5,6-tetrafluorophe- 
nyl)borate, tetrakis(2,3,4,5-tetrafluorophenyl)borate ) tetrakis(3,4,5-trifluorophenyl)borate, tetrakis(2 3 4- 
trrfluorophenyl)borate, phenyltris(pentafluorophenyl)borate and tetrakis(3,5-bistrifluoromethylphenyl)borate. 
[0065] Specific combination of them include ferroceniumtetrakis(pentafluorophenyl)borate, 1,V-dimethylferroceni- 
urrrtetrakis(pentafluorophenyl)borate, silvertetrakis(pentafluorophenyl)borate, triphenylmethyltetrakis(pentafluorophe- 
nyl)borate and triphenylmethyltetrakisfa.S-bistrifluoromethylphenylJborate, most preferably triphenylmethyl- 
tetrakis(pentafluorophenyl)borate. 

[0066] In the boron compound (C3) represented by the formula (L-H) + (BQ 1 Q 2 Q 3 Q 4 )-, L represents a neutral Lewis 
base; (L-H) + represents a Bronsted acid; B represents a boron atom in the trivalent valence state- and Q 1 to Q 4 are the 
same as defined in Q 1 to Q 3 . 

S 3 Pe f' C exampIes of (L_h| ) + as a Branded acid in the compound represented by the formula (L- 
H) (BQ QQQ) include tnalkyl -substituted ammoniums, N,N-dialkylaniliniums, dialkylammoniums and triarylphos- 
phoniums, and examples of (BQ 1 Q 2 Q 3 Q 4 )" include those as defined above. 

[0068] Specific combination of them include triethylammoniumtetrakis(pentafluorophenyl)borate, tripropylammoni- 
umtetratis(pentafluorophenyl)bo^ 

rakis(3,5-bistrifluoromethylphenyl)borate t N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate, N N -diethyl - 
anilmiumtetrakis(pentafluorophenyl)borate, N,N-2,4,6-pentamethylaniliniumtetrakis(pentafluorophenyl)borate N N- 
dimethylanilmiumtetrakis(3,5-bistrifluoromethylphenyl)borate. diisopropylammoniumtetrakis (pentafluorophenyljborate 
drcyclohexylammoniumtetrakis (pentafluorophenyljborate, triphenylphosphoniumtetrakis(pentafluorophenyl)borate' 
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tri(methylphenyl)phosphoniumtetrakis(pentafluorophenyl)borate and tri(dimethylphenyl)phosphoniumtetrakis (pen- 
tafluorophenyl)borate, most preferably tri(n^utyl)ammoniumtetrakis(pentafluorophenyl)borate or N N-dimethylanili- 
numtetrakis(pentafluorophenyl)borate. 

[Polymerization of olefin] 

[0069] In the present invention, a catalyst for olefin polymerization, comprising a compound (A), and [a compound (B) 
and/or a compound (C)] is used. In case of using a catalyst for olefin polymerization, comprising two components (A) 
and (B), the above cyclic aluminoxane (B2) and/or linear aluminoxane (B3) are preferable as (B). Other preferable 
embodiment of the catalyst for olefin polymerization includes a catalyst for olefin polymerization, comprisinq the above 
(A), (B) and (C). As (B), the above (B1 ) is easily used. 

[0070] The respective components are desirably used so that a molar ratio of (B)/(A) is usually within the range from 
0.1 to 10000, preferably 5 to 2000 and a molar ratio of (C)/(A) is usually within the range from 0.01 to 100, preferably 
0.5 to 10. 

[0071 ] When the respective components are used in the state of a solution or state suspended in a solvent the con- 
centration of the respective components is appropriately selected according to the conditions such as ability of an appa- 
ratus for feeding the respective components in a polymerization reactor. The respective components are desirably used 
so that the concentration of (A) is usually from 0.01 to 500 umol/g, preferably from 0.05 to 100 umol/g, more preferably 
from 0.05 to 50 umol/g; the concentration of (B) is usually from 0.01 to 10000 umol/g, preferably from 0 1 to 5000 
umol/g, more preferably from 0.1 to 2000 umol/g, in terms of Al atom; and the concentration of (C) is usually from 0 01 
to 500 iimol/g, preferably from 0.05 to 200 umol/g, more preferably from 0.05 to 1 00 umol/g. 
[0072] As the catalyst used in the present invention, an inorganic carrier such as Si0 2 , Al 2 0 3 or the like and a parti- 
cle-like carrier including an organic polymer carrier such as a polymer of ethylene and styrene may be further used in 
combination. 

[0073] In the present invention, the polymerization process has no restriction in particular, and any process such as 
for example, a batch-wise or continuous gas phase polymerization process, a bulk polymerization process a solution 
polymerization process, or a slurry polymerization process can be used. When a solvent is used, various kind of sol- 
vents under a condition of not deactivating a catalyst can be used, and example of such solvent includes a hydrocarbon 
such as benzene, toluene, pentane, hexane, heptane and cyclohexane; and a halogenated hydrocarbon such as meth- 
ylene dichloride and dichlorostyrene. 

[0074] The polymerization temperature is not specifically limited, and a range of -100 to 250°C is usually adopted and 
a range of -50 to 200°C is preferably adopted. Further, the polymerization pressure is not specifically limited, but is car- 
ried out usually under a pressure of 10 MPa or less and preferably 0.2MPa to 5 Mpa. Further, a chain transfer agent 
such as hydrogen or the like can be added in order to adjust the molecular weight of the polymer. 
[0075] Such copolymer of the present invention can be used for a molded article such as a film, a sheet or a recep- 
tacle, and is particularly suitable for a film or a sheet. 

[0076] The film or sheet is obtained, for example, by an inflation molding in which a melted resin is extruded from a 
circular die and a film inflated in tubular shape is wound up, by a T-die molding in which a melted resin is extruded from 
a linear T-die and a film or a sheet is wound up, by a calendering. 

[0077] The molded article of the present invention has properties excellent in scratch resistance, flexibility and elastic 
recoverability. The scratch resistance can be investigated with a HEIDON tester, and the flexibility and elastic recover- 
abihty can be investigated by obtaining a hysteresis curve according to tensile test. 

[0078] The copolymer of the present invention can be also used in a form of a multi-layer film or sheet of 2 layers or 
more with other materials. The film or sheet can be produced by a kno^amin^pipcess such as a co-extrusion 
process, a dry-lami nation process, a sandwich-lamination processor an extrusion-lamination process. 
[0079] A molded articles obtained by a blow molding and an injection molding are also included in the present inven- 
tion. K 

[0080] The molded article of the present invention can contain known additives such as antioxidants weather resist- 
ant agents, lublicants, anti-static agents, anti-fogging agents and a pigment, according to requirement Further known 
polymer materials such as a low density polyethylene obtained by a radical polymerization process, a high density pol- 
yethylene, a linear low density polyethylene, an ethylene-a-olefin copolymer elastomer or a polypropylene may be 
blended. 3 

[0081] The film or sheet of the present invention can be subjected to a known post-treatment with a corona discharge 
treatment, a plasma treatment, an ozone treatment, an ultra-violet rays irradiation or an electron beam irradiation. 

EXAMPLE 

[0082] The present invention is further illustrated in detail according to Examples and Comparative Examples below, 
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but the scope of the present invention is not limited thereto. Further, properties of the polymers in Examples were meas- 
ured according to methods described below. 

(1) Glass transition point was measured under conditions below with a differential scanning caloriemeter(DSC) 
(SSC-5200 manufacture by Seiko Electronics Co., Ltd.) and determined by its inflection point. 

Heating: 20°C to 200°C (20°C/min.), retention for 10mia 
Cooling: 200°C to -50°C (20°C/min.), retention for 10min. 
Measurement: -50°C to 300°C (20°C/min.) 

(2) Molecular weight and molecular weight distribution were determined under conditions below with Gel Permea- 
tion Chromatograph (800 series manufacture by Nippon Bunko Co., Ltd.). 

Column : Shodex A806M 
15 Measurement temperature: 45°C, 

Measurement solvent: Tetrahydrofuran 
Measurement concentration : 0.5mg/ml 

(3) The content of styrene units in a polymer and the structure of the polymer were determined accordina to 13 C- 
20 NMR analysis (JNM-EX270 manufactured by JEOL LTD.). 

Measurement solvent: Ortho<lichlorobenzene 
Measurement temperature: 1 35°C 

25 (4) The solid viscoelasticity of a polymer was determined with a spectrometer (DMS200 of SDM5600 manufactured 
by Seiko Electronics Co., Ltd.) under conditions below. 

Test piece: Press sheet of 20mm x 3.0mm x 0.3mm 
Frequency: 5Hz 
30 Speed of heating: 2°C/min. 

Displacement of amplitude: 10 

(5) The hysteresis curve of a polymer was determined under conditions below with STROGRAPH-T (manufactured 
byToyoSeikiSeisakushoCo.,Ltd.). 
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Test piece: Press sheet of 120mm x 20mm x o.3mm 
Tensile rate: 200mm/min. 
Tensile magnification: Double 
Distance between chucks: 60mm 

(6) The refractive index of a polymer was determined by measuring a test piece which was obtained by cutting into 
a size of 10mm x 30mm a film of 100 urn thickness molded by carrying out hot-press at 180°C for 3 minutes under 
a pressure of 30 to 50kg/cm 2 after previously heating at 180°C for 3 minutes, with an Abbe refractometer type 3 
(manufactured by Atago Co., Ltd.). 

Example 1 

[0083] After previously charging 55ml of styrene and 19ml of dry toluene into a 400ml autoclave which had been 
replaced with argon, propylene was charged at a pressure of O.SMPa. After 4.0ml (4mmol) of toluene solution of tri- 
i^butylaluminum [manufactured by Toso-Akzo Co., Ltd., 1 mol/l ] and a solution obtained by dissolving 6.0mg (16 umol) 
of 'SODropylidene(cyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride in 8ml of dry toluene werepre- 
viously mixed, they were charged therein and successively, a solution obtained by dissolving 44.3mg (48 umol) of 
tr ! P ^"^ in 9-6ml of dry toluene was added. The reaction solution was stirred 

a 60 C for 1 hour. Then, the reaction solution was poured in a mixture of 5ml of hydrogen chloride (12N) and 1000ml 
of methanol, and a white solid precipitated was separated by filtration. Said solid was rinsed with methanol and then 
dned under reduced pressure to obtain 4.08g of a polymer. The catalyst activity based on 1 mole of the titanium com- 
pound was 255kg/mol-T.. The number average molecular weight of the polymer was 75,000, molecular weight distribu- 
tion [weight average molecular weight(Mw)/number average molecular weight(Mn)] was 1 .70, glass transition point was 
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35°C, and melting point could not be confirmed. 
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[0084] The C-NMR spectrum is shown in Fig.2. Signals corresponding to the methylene groups (S a p) when terti- 
ary carbon atoms are mutually separated by two methylene groups was observed at 30 to 38ppm Each of the S a p in 
a bond of mutual styrene units, the S a p in a bond of mutual propylene units and the S a p in a bond of styrene unit 
and propylene unit was observed as a multiplet at 30 to 38 ppm. 
[0085] The content of styrene unit was 1 7% by mole. The measurement result of spectrometer is shown in Fig 3 and 
a hysteresis curve measured at 40°C is shown in Fig.4. The press sheet used for the measurement was transparent. 

25 Example 2 

[0086] The same operation as in Example 1 was carried out to obtain 3.34g of a polymer, except that the amount of 
styrene in Example 1 was changed from 55ml to 27ml and the amount of dry toluene was changed from 19ml to 68ml 
The catalyst activity per 1 mole of the titanium compound was 209kg-polymer/mol-Ti. The number average molecular 
30 weight of the polymer was 52,000. molecular weight distribution (Mw/Mn) was 1 .72, glass transition point was 1 4°C and 
melting point was not substantially confirmed. The signals correspond to the methylene groups (S a p) when tertiary 
carbon atoms are mutually separated by two methylene groups, were observed at 30 to 38ppm in a 13 C-NMR spectrum 
. The content of styrene unit was 6% by mole. The hysteresis curve measured at 23°C is shown in Fig. 5 The press 
sheet used for the measurement was transparent. The refractive index of the film of the polymer obtained was 1 .526. 

Example 3 

[0087] The same operation as in Example 1 was carried out to obtain 3.78g of a polymer, except that the amount of 
styrene in Example 1 was changed from 55ml to 14ml and 19ml of dry toluene was changed to 82ml of dry toluene The 
catalyst activity per 1 mole of the titanium compound was 236kg-polymer/mol-Ti. The number average molecular weight 
of the polymer was 39,000, molecular weight distribution (Mw/Mn) was 1.71, glass transition point was 2*C and melting 
point was not substantially confirmed. The signals correspond to the methylene groups (S a p), when tertiary carbon 
atoms are mutually separated by two methylene groups, were observed at 30 to 38ppm in a 13 C-NMR spectrum. 

45 Example 4 

[0088] Among a polymer obtained by carrying out the same operation as in Example 1 except that the pressure of 
propylene in Example 1 was changed from 0.8MPa to 0.4 MPa, a component insoluble in acetone was separated with 
a Soxhlet extractor to obtain 1 .50g of a polymer. The catalyst activity per 1 mole of the titanium compound was 94kg- 

50 ^ y Tf r ! m0l " TK ThS nUmber average molecu,ar wei 9 ht <* the polymer was 13,000, molecular weight distribution 
(Mw/Mn) was 1 .67, glass transition point was 49°C, and melting point was not substantially confirmed. The signals cor- 
respond to the methylene groups (S a p), when tertiary carbon atoms are mutually separated by two methylene groups 
were observed at 30 to 38ppm in a 13 C-NMR spectrum. 

[0089] As illustrated in detail above, according to the present invention, a novel copolymer of an a-olefin with an alke- 
nyl aromatic hydrocarbon capable of taking a constitution in which halogen pointed out as a cause for environmental 
pollution is not contained, a process for producing said copolymer at high polymerization activity and a molded article 
being transparent and excellent in elastic recoverability and flexibility which comprises said copolymer are provided 
and its industrial value is markedly great. ' 
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Claims 

1 . A copolymer of an a-olef in with an alkenyl aromatic hydrocarbon, having a structure at which tertiary carbon atoms 
are mutually separated by two methylene groups in the backbone of the copolymer. 

2. The copolymer according to claim 1 , wherein the molecular weight distribution (Mw/Mn) represented by a ratio of 
weight average molecular weight to number average molecular weight is 1 .5 to 4.0. 

3. The copolymer according to claim 1 , wherein the copolymer substantially has no crystal linity. 

4. The copolymer according to claim 1 , wherein the copolymer substantially has no stereoregularity of the configura- 
tions of an a-o!efin and an alkenyl aromatic hydrocarbon in the backbone of the copolymer. 

5. A method for producing a copolymer of an a-olefin with an alkenyl aromatic hydrocarbon having a structure at 
which tertiary carbon atoms are mutually separated by two methylene groups in the skeleton of the copolymer 
which compnses copolymerizing an a-olefin and an alkenyl aromatic hydrocarbon with a catalyst for olefin polym- 
erization, prepared by a process comprising contacting the following (A), (B) and (C); (A) and (B); or (A) and (C): 

(A) a transition metal complex represented by the following general formula [I]: 




[i] 



wherein M represents a transition metal atom of Group IV of the Periodic Table of the Elements- A represents 
an atom of Group XVI of the Periodic Table of the Elements; J represents an atom of Group XIV of the Periodic 
Table of the Elements; Cp 1 represents a group having a cyclopentadiene anion skeleton; X 1 X 2 R 1 R 2 R 3 
R . R and R independently represent a hydrogen atom, a halogen atom, an alkyl group, an aralkyl group an 
aryl group, a substituted I silyl group an alkoxy group, an aralkyloxy group, an aryloxy group or a di-substituted 
ammo group; and R , R , R 3 . R , R and R 6 may be optionally combined with each other to form a ring- 

(B) at least one aluminum compound selected from the following 
(B1) to (B3): 

(B1) an organoaluminum compound represented by the general formula E 1 a AIZ 3a . 

(B2) a cyclic aluminoxane having a structure represented by the general formula {-AI(E 2 )-0-} b . and 

(B3) a linear aluminoxane having a structure represented by the general formula E 3 {-AI(E 3 )-0-} e AIE 3 2 , 

wherein E 1 . E 2 and E 3 each respectively represents a hydrocarbon group, all of E 1 . E 2 and E 3 may be the same 
or different. Z represents a hydrogen atom or a halogen atom, and all of Z may be the same or different a rep- 
resents a numeral of 0 to 3. b represents an integer of not less than 2, and c represents an integer of not less 
than 1 ; and 

(C) a boron compound of any one of the following (C1) to (C3): 

(C1) a boron compound represented by the general formula BQ 1 Q 2 Q 3 , 

(C2) a boron compound represented by the general formula G + (BQ 1 Q 2 Q 3 Q 4 )~, and 

(C3) a boron compound represented by the general formula (L-H) + (BQ 1 Q 2 Q 3 Q 4 )-, 

wherein B represents a boron atom in the trivalent valence state, Q 1 to Q 4 may be the same or different and 
represent a halogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a substituted silyl group, 
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an alkoxy group or a di-substituted amino group, G + represents an inorganic or organic cation, L represents a 
neutral Lewis base, and (L-H) + represents a Brensted acid. 

6. A molded article comprising the copolymer of any one of claims 1 to 4. 

7. The molded article according to claim 6, wherein the molded article is a film or a sheet. 
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